This paper presents empirical work in investigating the effect of high-speed railway's impact on regional economic growth. The study selects the major cities nationwide as its research objects and introduces market potential indicator which varies with the reduction of railway travel time. The total sample estimation's result proves that HSR's effect on per capital GDP is negative, but it has a positive impact on the population. When the samples are grouped to estimate, it proves that the development of high-speed rail is conducive to the further rise of big cities, but not to the development of small and mediumsized cities. For the areas where HSR connects to a network, HSR compresses space and time and promotes the cooperation or communication among cities. For the areas where HSR is relatively backward, HSR increases its marginalization, resulting in a negative impact. Therefore, it is believed that the development of China's HSR should pay attention to rational distribution, give more consideration to backward areas, and promote the coordinated development of the region.
Literature Review
Transportation is a major part of economic activities, so many economists have paid their attention to its connection with economic growth. And the railway's role in economic growth has always been controversial. Some traditional economists stress that the railway has an unprecedented maximum capacity and has a great impact on all aspects of the economy. They attributes the impact of railways on economic growth to reducing transportation costs and expanding markets and stimulating the development of modern industries, such as coal mining, cast iron and machinery [6] .
However, some economists believe that the railway is not so important. The most famous one is Fogel (1964) . In his Railway and Economic Growth in America, he uses the "social saving" to represent the economic benefits of transportation. Then he applies the anti-factual measure. Specifically, he assumes that there is no railway in America, and the economic benefit can be only obtained from the river/canal transportation. Contrasted with the economic benefit brought by railway transportation, he finds that the difference of their impact on GNP growth is quite modest. That is to say, railways are not essential in economic growth, because it can be replaced by water transportation [7] .
Some scholars are skeptical about Fogel's theory. Through the establishment of market access indicators and the application of anti-factual research and social saving, Donaldson (2016) has also tested the railways' impact on the economy in America from 1870 to 1890. The results show that the railway has greatly increased the value of agricultural land, and its status was irreplaceable [8] .
The rapid progress and extensive construction of high-speed railway technology have triggered a new round of international discussion on the economic impact of high-speed railway. Vickerman (1997) has studied the impact of highspeed railway construction on regional development in Europe, showing that the high-speed railway can benefit metropolis. Because all major elements will be gathered in metropolis, thus improving the concentration of major central cities [9] . Schade (2006) believes that the high-speed railway is in favour of strengthening the ties between the marginal and the central areas in Europe. But the gap between them ("center-margin") will also be enlarged [10] . Monzón (2013) uses the GIS technology to research the impact of high-speed railway on the city's efficiency and fairness in Spain, showing that the high-speed railway can significantly improve cities' accessibility [11] . But the spatial imbalance will be intensified while enhancing the regional advantages and attractiveness. Through research, Kim (2015) finds that the high-speed railway has different impacts on the region at each development stage in South Korea. Specifically, in the early and mid-term, the high-speed railway may cause the unbalanced accessibility and regional development because of the efficiency problem. While the accessi-Q. Y. Shi DOI: 10.4236/ajibm.2018. 81006 86 American Journal of Industrial and Business Management bility of isolated areas will be enhanced latterly [12] , Hall (2011) believes that the regional impact of high-speed railway on economic geography in the UK can be divided into 1-hour zone, 2-hour zone and above-2-hour zone, among which the regional economic growth in the 2-hour zone will be substantially and greatly impacted. Besides, the city with high-speed railways can better grasp the development opportunity compared with the city without high-speed railways [13] .
Takuma et al. (2016) have studied the impact of Japanese shinkansen on economic productivity, finding that the accessibility has a significant positive impact on economic productivity, that is, the region with high-speed rail station has a higher productivity. What's more, the high-speed railway will contribute to narrowing the productivity gap between outer and central cities [14] . Albalate (2016) has used the difference-in-difference method to assess the contribution of high-speed railway to the tourism growth in Spain. On one hand, the high-speed railway has an impact on air transportation which indicates the tourist amount, thus indirectly impacting the tourist industry. On the other hand, the high-speed railway has a weak positive impact on tourist amount. Whether its net effect on tourist economy is positive depends on the technology used to calculate the accessibility and economy [15] .
Our domestic scholars also passionate about researching the economic effect brought by high-speed railway. Zhao Qingguo (2013) believes that the high carrying capacity of high-speed railway can provide efficient transport support for economic development. The space-time compression will help to form a unified regional market. And meanwhile, the radiation effect will create economic corridors or economic belts along the railway [16] . Qin Chenglin and Chong Zhaohui (2014) have analyzed the impact of high-speed railway on urban economy agglomeration, finding that the 1% increase in urban accessibility will increase the economy agglomeration index by 0.8 [17] . Wang Jianfeng and Li Zhigang et al. (2014) has used the "with and without comparison method" in their research. The results show that Shanghai-Hangzhou high-speed railway has a positive impact on the economic development of Zhejiang province. But the effect will vary with place and time, thus having no universality [18] . Song Wenjie et al. (2015) have analyzed the impact of high-speed railway from three aspects of accessibility improvement, development situation around high-speed rail station and urban economic development. It is believed that: 1) the tertiary industry will experience a spatial polarization in metropolis with the impact of high-speed railway; 2) the metropolis and small-medium cities will make a cooperation in the secondary industry; 3) the small-medium cities will obtain the positive diffusion effects [19] . Wang Yufei and Ni Pengfei (2016) have used the spatial econometric model in their research. The results show that the development of high-speed railways is not only beneficial to the economic spillover effect among regions, but also changes the economic spatial pattern [20] . There are also many scholars taking the Wuhan-Guangzhou high speed rail as the object of research, they find it has significant transportation and nontransportation Q. Y. Shi impacts on the cities and megaregions along the line. However, it still has generated geographic and social inequity issues yet to be addressed [21] [22] .
Through reviewing the existing researches, some conclusions can be obtained.
From the perspective of research method, it is found that these existing researches only use the situation analysis to assess the situation with/without highspeed railways, or simply calculate and compare the accessibility to make a qualitative description towards the changes brought by high-speed railways. That is to say, there are comparatively fewer empirical researches. From the research perspective, most of the current researches only focus on the positive promotion of high-speed railway on industries, regions and cities, thus neglecting its different impacts at different economic development stages and the problem of regional fairness. From the perspective of research object, there are two problems:
1) these researches often take eastern and central cities as the example, and the western cities are rarely mentioned; 2) these researches only center on the single high-speed rail line or province, that is, they fail to consider the entire highspeed railway network as a whole.
In this paper, a quantitative empirical method is used to compare the different impacts of high-speed railways on economic growth in accordance with time and place. On one hand, it analyzes the overall effect on economic growth in metropolis based on the entire high-speed railway network. On the other hand, it compares the different effects brought to the eastern and western cities due to the unbalanced construction of high-speed railway network. Meanwhile, it also compares the marginal utility of high-speed railway at different economic development stages. In addition, this paper considers the endogeneity problem.
With the introduction of instrumental variables, the relationship between the high-speed railway and economic growth can be rigorously proved.
Research Method and Data

Research Methodology
The high-speed railway has reduced the travel time between cities, thus facilitating the trade flows among cities, market expansion and knowledge spillover sharing. The demand for goods and services in one city is the sum of purchasing power of its neighboring cities. Therefore, BT is defined as the space-time weighted purchasing power of neighboring cities. It is known as the market potential, which has been explained in the research background. BT of i city in the year of t can be represented by the formula below:
There into, GDP j,t stands for the gross regional production of j city in the year of t. T i,j stands for the travel time between i city and j city in the year of t (minute-based).
In order to estimate the impact of high-speed railways on regional economic growth, this paper takes two periods as the model-one is the year of 2000, during which the high-speed railway is not available; the other is the year of 2013, during which the high-speed railway is available. Capital and labor represent the basic factor inputs. Considering that the error may be caused by perpetual inventory method, the proportion of fixed asset investment in gross regional production is regarded as the proxy variable of capital, and the proportion of employees in the total population is regarded as the proxy variable of labor. Considering that the impact of science and education American Journal of Industrial and Business Management level on economic development, the proportion of science and education expenditure in the total public financial expenditure is regarded as the proxy variable of edu. Considering that urban infrastructure can affect the development prospect, the road area per capita is added to represent infras.
In addition, the impact of other transport facilities is also taken into account.
Considering that the freight capacity can better measure the economic development level compared with the passenger capacity, the total freight capacity of highway, shipping, water transport and railway is taken as the variable representing trans. This paper aims to explore the impact of the development of high-speed railways. However, the reduction of travel time in 2013 compared with that in 2000 is caused by the introduction of high-speed railways and the speed-up of ordinary railways. Therefore, it is necessary to add the control variable that represents ordinary railways. This paper selects the railway freight volume as the proxy variable of the development of ordinary railways. Because high-speed railways in China are basically passenger dedicated lines, and the special freight high-speed trains for freight transport have been developed. In other words, the high-speed railway has not yet achieved freight transport so far, and the freight transport still depends on ordinary railways. For other transportation modes, this control variable includes not only the freight capacity of railways, but also the freight capacity of highways, waterways and airways, thus controlling the impact brought by the development of ordinary railways, and the impacts brought by the development of highways, airways and waterways.
Finally, considering the close relationship between the industrial structure and economic development level, the proportion of secondary industry's production value in the gross regional production is regarded as the proxy variable of industry.
Data Sources
Focusing on the impact of high-speed railways on the regional economy, this The statistical characteristics of variables are shown in Table 1 . 
Analysis of Empirical Results
Impact on RGDP
Analysis of Full Sample Regression Results
Equations (1)- (7) in Table 2 regress all city samples selected in this paper. No control variable is added to Equation (1), and the BT coefficient is negative, but not significant. Other control variables are gradually added to Equations (2)- (7), and the BT coefficient is negative and stable. Besides, the coefficient of other control variables is also significant and the sign is stable, showing that the high-speed railway has not only failed to promote economic growth, but has exerted a negative impact. Notes: (1) The number of parentheses is standard deviation; (2) ***Significant at the 1% level, **Significant at the 5% level, *Significant at 10% level.
According to the theoretical speculation that the development of high-speed railways can promote economic growth, the BT effect should be positive. While based on the regression Equations (1)- (7), BT coefficients are all negative, thus violating our expectations. The negative BT effect may be caused by the following reasons: 1) High-speed railways only focus on passenger transport, thus ignoring the freight, which is more important than the passenger transport in the economic development. As a result, the impact of high speed railways on economic growth is not as good as that of ordinary railways. What's more, in terms of the impact on RGDP, the effect brought by high-speed railways is negative when compared with the capital, labor, infrastructure and other transportation. , while such interval is shorter than 14 years. As a result, the impact of high-speed railways is inferior to that of speed increases.
3) The impact of a single high-speed railway line is minimal on the social economy. So, it is necessary to establish a balanced high-speed railway network to extend in all directions. The development of high-speed railways in China is unbalanced. By 2013, the urban agglomerations with high-speed railways contain Beijing-Tianjin-Hebei Region, the Yangtze River Delta, the Pearl River Delta and the middle reaches of Yangtze River. However, the cities selected are distributed evenly across the country, the high-speed railway effect is not accurate enough.
The impact of other control variables on urban per capita GDP is basically in line with expectations. The input of capital and labor force has a positive influence on regional economic growth. The increase in per capita road area also contributes to economic growth; The development of other modes of transport, such as expressways and aviation, which are manifested by the increase in freight volume, is conducive to reducing obstacles and promoting the effective flow of resources, thus to promote the economic growth. The industrial structure variable uses the proportion of the secondary industry. Due to the high energy consumption and high emission of the secondary industry, the optimization of the industrial structure gradually reduces the proportion of the secondary industry.
Therefore, the effect of the industrial structure is negative in line with the law of economic development. The coefficient of science and education is negative, which is not in line with expectations, but one explanation for it is that the investment of science and education represents government expenditure, and the increase of government expenditure or excessive intervention in the market will lead to the "Crowding out effect".
Analysis of Grouping Regression Results
The BT effect of the whole sample regression was significantly negative, which was inconsistent with the expectation. So is there a difference in HSR due to different levels of HSR development? Or does high-speed rail have a different effect on cities with different levels of economic development? The following 34 cities are divided into two groups for an in-depth study.
According to the value of Δ2000-2013ln (BTi), 34 cities are sorted from small to large, as shown in Table 3 . Divide it into two groups from the middle, the first 17 cities for one, and the next 17 cities for the other. ∆2000-2013 ln(BTi) represents the urban market potential improvement, according to the construction of China's high-speed rail project in recent years, it can be judged that between 2000 and 2013, the development or accessibility of high-speed rail in the first group of cities increased slowly compared with the latter one. From the perspective of urban economic strength, the former group of cities is mostly located in the western region, and the economic development is relatively backward, on the contrary, the latter group is stronger. The first group is called the backward group, and the latter group is called the developed group.
Regression estimates were performed in both groups and the results were in Table 4 . The Equation (1) only has BT variables, and the system (2)- (4) Notes: Because of Tianjin, Shijiazhuang etc. cites had become national transportation hubs in the base period of 2000, the improvement of these cities' accessibility in 2000-2013 was not as high as that of some cities which had been lagging behind, so they were divided into backward groups. and some are not, the symbols are noteworthy: the BT coefficients of the backward group are negative and of the developed group are positive, indicating that the nationwide advance of the HSR has a positive effect on the economically developed cities, while economically underdeveloped cities have a negative effect. The construction of high-speed railway began in the eastern and central economic cities and has formed a high-speed railway network. Cities with relatively backward economy in the west have not yet got through the high-speed railways or have experienced high-speed rail lines with few trips, low stop frequencies.
The unbalanced development of high-speed rail has resulted in different positive and negative effects. This proves the previous speculation that the high-speed rail is different due to the different development levels of high-speed rail. The development of high-speed rail is conducive to the further rise of big cities, but not to the development of small and medium-sized cities.
In (3) and (4), the coefficient of BT variable in backward group is significantly negative while the coefficient of BT variable in developed group is positive but not obvious, which indicates that the construction of high-speed railway in China has a significant negative effect on the relatively backward cities in the remote economy. The high-speed railway has a growth effect on the developed regions, but it is not significant, further confirmed that China's high-speed rail development has brought economic growth to the eastern and central cities without benefiting the remote and backward areas.
In terms of controlling variables, capital and labor as well as the whole sample regression results are the same as positive effects, and the backward groups are more prominent, which means that capital and labor are more important to the backward region, and the marginal output of the production factors is greater. The coefficients of the two groups of urban science and education levels are converse, the backward group is negative while the developed one is positive for that the backward region is an extensive economy which is driven by capital and labor and it has a low level of investment in science and education, consequently lead to low economic growth; The developed areas are intensive economies with a high level of investment in science and education, besides, the use of knowledge and technological also help to achieve economic growth. The infrastructure effects of the two groups are positive and the developed groups are significant, which reflects that the infrastructure of developed cities is better than the backward cities and it has a greater effect on economic growth. The coefficient of industrial structure variables in the two groups of cities is opponent. The economic growth engine of the backward cities is still the secondary industry, so it is the positive effect, while the developed cities start to turn to the tertiary industry, so it is negative.
The Impact on Population
Analysis of Full Sample Regression Results
In this paper, the population of the city at the end of the year was selected as the population quantity, and the regression results showed that the coefficients of Planning. The population of the household registration is affected by the system and the changes in the development of HSR are not very strong. Although the development of high-speed rail has no significant impact on the household registration population, the improvement of accessibility is in favor of population mobility, and the mobility of urban population can be reflected from the resident population. Regressing with the resident population as an explanatory variable, Table 5 is the estimation result. The effect of BT variable is positive, which confirms that the development of high-speed rail has enhanced liquidity and brought population growth. The cities chosen by this article are the provincial or sub-provincial cities, which are the center of the region. The employment opportunities are relatively better, and the improvement of transportation is conducive to the expansion of radiation and the inflow of labor from surrounding areas. Notes: (1) The number of parentheses is standard deviation; (2) ***Significant at the 1% level, **Significant at the 5% level, *Significant at 10% level. 2 In order to save the length, the regression results are omitted here. American Journal of Industrial and Business Management
The effect of capital and infrastructure in control variables is negative. Capital and infrastructure should be positive. Why they are negative? The Solow Growth
Model suggests that the increase of population growth will reduce the homeostasis of per capita capital and thus reduce the steady state of production per capita.
Under the vigorous development of the big cities in our country, the resident population is over-inflated. The urban permanent population is far beyond the capacity of the city, so the capital and infrastructure have negative effects on the resident population. The coefficients of other traffic variables are clearly positive, which means that the convenience of roads, airlines, and transportation are also conducive to population mobility. The coefficient of industrial structure is significantly negative as the second industry's ability to absorb labor is not as good as the third industry, so the effect on population growth is negative.
Analysis of Grouping Regression Results
When studying the impact of high-speed railway on GDP per capita, the HSR effects in the developed and the backward regions are diametrically opposite, if so, will the impact on the population change be different due to the uneven development of the HSR or the regional economic? According to the same way, the city is divided into two groups to return to the population of permanent residents, the results are shown in Table 6 . Table 6 . Grouping regression results for resident population. 
Sample Selection and Endogenous Problems
Of the 34 cities we selected, there were 7 cities with no high-speed trains in the end of 2013 3 . Considering whether it will change by excluding these seven cities to re-estimate the high iron effect and comparing with the regression results of the whole sample. To further test the robustness of the previous empirical results, the following is the data after the deletion of seven cities and a return to the GDP per capita and the population of the population, and it turns out to be in Table 7 . It can be seen that the variable BT is significantly negative for GDP per capita and for the resident population is positive on the other hand, which is basically the same as that of the whole sample regression. The symbol of control variables is also consistent, which verifies the negative effect of high-speed rail on overall economic growth, but directly promotes the growth of urban permanent population.
As the planning of high-speed rail lines and the setting of high-speed rail stations are affected by the actual situation in the region and the direction of government policies, the BT variables may be endogenous. This article considers the possible use of instrumental variables to reduce endogeneity errors or inconsistencies. The selection of tool variables has two criteria: one is that the variable has to do with an internal explanation; the second is that the variable is not related to the random error term. So two instrumental variables are selected, and one tool variable is the urbanization level of the city in 2000, which is measured by the proportion of the non-agricultural population in the total population, and the other tool variable is the region belonging to the city, which belongs to the middle eastern region and the value is 1, and the western region is 0. The estimated results are as in Table 8 . The seven cities are: Urumqi, Xining, Yinchuan, Lanzhou, Guiyang, Kunming, Huhhot. For the regression of urban permanent population, Huasman test and DWH test reject the original hypothesis at 5% significance level, indicating endogeneity. For the regression of GDP per capita in the region, Huasman test or DWH inspection cannot reject the original hypothesis, indicating that there are no endogenous explanatory variables. The Kleibergen-Pak rk LM test, the Kleibergen-Pak rk Wald F test and the Cragg-Donald Wald F test were all used to test for the presence of weak instrumental variables, both for the resident population and the regional GDP per capita. The test results showed that the instrumental variables are not a weak instrumental variable but were considered to be strongly correlated.
The regression results show that the coefficients of the key variables BT and the control variables are significant, and the symbols are consistent with the OLS estimates, which further shows that the HSR effect is significantly negative for the overall economic growth, for the growth of urban permanent population, the HSR effect is significantly positive.
Conclusions
By using the empirical method, this paper calculated the market potential im- Nevertheless, the construction of the western region is relatively late and the high-speed rail line is single. The results show that high-speed rail has different effects on economic growth in different regions and changes with the development of high-speed rail in the region. For areas that have formed high-speed rail networks, high-speed rail has compressed the space-time distance and promoted exchanges and cooperation among cities, which has had a positive effect. For areas with a relatively backward development of high-speed railways, high-speed rail has exacerbated its marginalization and has had a negative impact. On the whole, high-speed rail has a negative effect on the overall economic growth.
The essence of our population flows is the flow of labor, from the countryside to the city, from the backward regions to the developed regions. The cross-section of the population relies on rail transport, and the transport capacity of the general railway has been unable to satisfy the strong flow of demand, and the importance of high-speed railway specialized in transporting pedestrian flow is growing. The convenience brought by high-speed rail has led more people to migrate from rural areas to urban areas, and the urban permanent population has been on the rise. The growth of the permanent population indirectly reflects that high-speed rail has brought about an increase in urban economic development. The high-speed rail has a negative effect on per capita GDP and positive effect on population. The reason may be that the convenient traffic brought by high-speed rail has a more direct and obvious effect on population concentration, and the motivation for GDP growth is more diverse.
The construction of transportation infrastructure is essentially the construction of large domestic market, which is the platform for the establishment of specialized labor division and mass production and circulation [24] . The role of high-speed rail to regional economic development is not immediately obvious and has long-term effects. The development of high-speed rail has to take a long time to make a final judgment. However, the short-term impact is indicative and alarming, which will provide direction for the future development planning of HSR.
As a developing country, HSR's function to China's economic growth needs the synergistic effects of institutional environment, human capital improvement and technical level of science and education. On the other hand, the space spillover effects of high-speed railway on economic growth should also be taken into consideration. The development of China's high-speed railway should focus on rational distribution especially the backward areas, making it an engine on backward economic development to coordinate and improve the regional eco-Q. Y. Shi
